University of South Florida

Scholar Commons
CUTR Research Reports

CUTR Publications

3-1-1996

Regional Trip Reduction Databases
Phil Winters
University of South Florida

Follow this and additional works at: https://scholarcommons.usf.edu/cutr_reports

Scholar Commons Citation
Winters, Phil, "Regional Trip Reduction Databases" (1996). CUTR Research Reports. 110.
https://scholarcommons.usf.edu/cutr_reports/110

This Technical Report is brought to you for free and open access by the CUTR Publications at Scholar Commons. It
has been accepted for inclusion in CUTR Research Reports by an authorized administrator of Scholar Commons.
For more information, please contact scholarcommons@usf.edu.

Center for Urban Transportation Research

.' '.j
I I

I

·~,

.I .
'.

j

.

Regional Trip
Reduction Databases

•

:J:
'

.

' j

,' 'I
'
~.!

.. II
~

University of South Florida College of Engineering

Regional Trip
Reduction Databases

by
Philip L. Winters
Senior Research Associate. Center
University of South Florida

for Urban Transportation Research

March 1996

The opinions, findings, and conclusions expressed in this publication is those of the
author and not necessarily those of the Florida Department of Transportation or the
U.S. Department of Transportation. This report, serving as Technical Memorandum #1,
has been prepared in cooperation with the State of Florida Department of
Transportation and the U.S. Department of Transportation, in partial fulfillment of HP R
Study No. 0763, WPI No. 0510763, State Job No. 99700-3337-119, Contract No. B9896, CUTR Account No. 21-17-189-LO, entitled "Neural Network Technology for the
Evaluation of Trip Reduction Programs" (Philip L. Winters, CUTR Senior Research
Associate, Principal Investigator/

Table of Contents

Introduction ...................................................... ·: . . . . . . . . 1
Background ............................................................ 1
Trip Reduction Efforts and Databases ........................................... 4
Connecticut ............................................................ 6
Philadelphia ............................................................ 7
Rule 1501/Rule 2202 - South Coast Air Quality Management District .............. 7
Commute Trip Reduction Law- State of Washington .......................... 10
Travel Reduction Program - Maricopa County, Arizona ......................... 11
Travel Reduction Program - Eastern Pima County, Arizona ...................... 13
Model Development ........................................................ 14
TDM Model ........................................................... 14
ARB TDM Model ...................................................... 17
TDM Cost-Effectiveness Model ........................................... 18
Variations in Database Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Minimum Employer Size ................................................. 18
Database Formats and Reporting Frequencies ................................. 19
Key Performance Measures ............................................... 19
Treatment ofNonresponses ............................................... 19
Use of Aggregate Data ................................................... 19
Glossary ................................................................. 21
Sources .................................................................. 28

Trip Reduction Databases

Introduction
This technical memorandum reviews the present state of trip reduction data management
and analysis in several urban areas to assist with the development of a neural network
model. CUTR examined the different approaches taken in model development, the types
of prediction factors used and the resulting tools. The memorandum examines whether
those models used the large, data rich, aggregate data from employers to predict the
impacts of various trip reduction strategies on average vehicle ridership (AVR). Though
a brief description of neural network applications follows, technical memorandum #2 will
discuss in greater detail neural networks and its transportation applications.

Background
Growing national concern with traffic delays, air quality, and greater mobility needs have
resulted in legislation that has increased attention on the role of transit and transportation
demand management (IDM). The Intermodal Surface Transportation Efficiency Act
(!STEA) of 1991 and the Clean Air Act Amendments (CAAA) of 1990 emphasize the
importance ofTDM and multimodal solutions to meeting the country's transportation
needs in the transportation and air quality planning processes.
!STEA explicitly required metropolitan planning organizations (MPOs) to develop a
congestion management system. Even though the CMS requirement is now optional, it is
expected that many Florida communities will elect to keep the process. !STEA also
required MPO consideration of 15 factors in developing transportation plans and
programs. Several of these factors reflect ISTEA's multimodal focus. The factors
include finding ways to meet transportation needs by using existing transportation
facilities more efficiently; relieving congestion and preventing congestion from occurring
where it does not yet occur; ·using methods to expand and enhance transit services and to
increase the use of such services; and, assuring consistency of transportation planning
with energy conservation goals.
In addition to these planning requirements, ISTEA mandates that transportation
management areas that are in nonattainment for carbon monoxide and/or ozone emissions
must analyze all reasonable TDM and operational strategies for before developing
projects that significantly increase single occupant vehicle (SOV) capacity. These areas
must demonstrate that TDM and operational measures cannot satisfy the need for
additional capacity in the corridor in which the SOV project is proposed. Even if this test
is met, the SOV project can proceed, but all reasonable strategies to manage the facility
now or in the future must be incorporated into the project. Other TDM and operational
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strategies that are appropriate for the corridor, but not in the SOV project itself, must be
committed for implementation in the same time period as the project.
In the CAAA, efforts to reduce SOV trips are even more explicitly addressed. Since
mobile source emissions are a major source of air pollution, the CAAA strategically
targeted large employers in the areas with the worst air quality to affect mode choice
decisions of millions of commuters. Employers were targeted because their policies,
such as work schedules and parking, strongly influence mode choice decisions by
employees.
Specifically, the CAAA required employers in areas designated as severe or extreme
nonattainment areas to develop trip reduction plans to increase the average vehicle
ridership (A VR) by 25 percent over the area's baseline. AVR is a numerical value
calculated by dividing the number of employees scheduled to start work during specified
peak hours into the number of vehicles arriving to the work site during those same hours.
This CAAA mandate is referred to as the Employee Commute Option (ECO) or
Employer Trip Reduction (ETR) programs. According to the Association for Commuter
Transportation (ACT), more than 30,000 employers at nearly 35,000 work sites
employing more than 13,000,000 employees were subject to ECO provisions of the
CAAA. The areas affected included Los Angeles, New York, Chicago, Houston,
Philadelphia, Baltimore, San Diego, Milwaukee, and San Diego.
States and employers faced significant challenges in implementing ECO. The challenge
for employers was to develop a plan that was responsive to both the business needs of the
organization and the regulations. Failure to meet the challenge could prove costly to
employers. They faced substantial fines or penalties for not registering for the program,
failing to file a plan, or not carrying out the approved plan.
The challenge to the state's regulating agency was to apply fair and consistent guidance
to employers in the development of plans so that the regulation can be met in a costeffective manner. However, the evaluation of the plans proved to be difficult for the
regulatory agency. Most assessments on TDM effectiveness were based on empirical
data for a few sites across the country. The widely different methodologies of collecting
the information, local conditions, and basis for measuring performance were among the
factors that made it difficult to predict the change in AVR with any degree of accuracy.
This was especially true when the regulatory agency is required to review plans with
numerous combinations of strategies under different operating environments.
Most regulatory agencies recognized their limitations in accurately predicting the desired
outcome (i.e., change in AVR). They simply required employers to provide information
Page2
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to demonstrate that their plans represented acting in "good faith" in attempting to reach
the area's target A VR. As a result, employers were required to survey their employees
and complete forms that provided a high level of detail on each element of the plan. The
employee survey data was often compiled by the employer and only summary or
aggregate results of the survey were provided with the plan along with descriptions of the
worksite and strategies. In other words, the regulatory agency's ability to develop a
model to predict AVR for an employer was based on aggregated employee surveys, not
on individual survey responses.
Ultimately, the regulatory agency's database should be used to evaluate the likelihood
that an employer would or would not meet the target. This could streamline the
development of employer trip reduction plans for the regulated community and provide a
basis for consistent review by the regulating agencies. The application also could be
expected to improve the cost-effectiveness of the TDM programs and reduce the
administrative costs among employers by collecting information only on those elements
that affect AVR and, perhaps, allow the program to be evaluated without extensive data
collection requirements (i.e., employee surveys) and/or less frequent data collection.
The interpretation of raw data can be a difficult problem. This is especially true when it
is required to interpret data values not previously encountered such as various ECO
marketing incentives. Neural network analysis is a technique which has been shown to
be successful in dealing with these problems. In the area of transportation, neural
networks have been used to automatically classify road pavement images, detect freeway
incidents, and estimate real-time origin-destination traffic flows (see Technical
Memorandum #2 for a more thorough discussion).
Technical memorandum #1 is part of a project to develop a trip reduction model using
neural network software. When applied to computer systems, the term neural network
means a group of simple computational units interconnected to provide an appropriate
response to specific input data. The input data to the network can be multiple analog
values (i.e., 10 miles, 23 minutes, 2 transfers, etc.), multiple symbolic values (i.e., yes,
no, blue, maybe, etc.), or a combination of the two types. The network may have
multiple outputs and these can also be a combination of analog and symbolic values.
A neural network uses the set of collected data to learn the relationships that exist among
the data. These relationships may be linear or non-linear. This ability to learn directly
from the data collected, without any prior knowledge of the types of relationships that
may be inherent in the data, is an obvious advantage of neural networks. This also allows
neural networks to adapt rapidly to changes by learning the new relationships among the
data.
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To train a network, the set of data collected must first be divided between inputs and
outputs. One of the key outputs for ECO is the average vehicle ridership (AVR) of the
employer. After this is done, each set of inputs is applied to the neural network model.
The internal configuration of the model is modified so that the actual output resembles
more closely the output values observed in the data. This process is repeated many times
until the neural network can accurately produce the correct (or actual) output for each set
of inputs present in the data.
The neural network training (or learning) process allows the neural network model to
predict the correct response to combinations of input data values not previously seen by
the network. This ability is the reason why they are said to be able to generalize, or
identify the general characteristics of inputs that predict outputs.
The following sections will review what data these regulatory agencies were requesting to
form a basis for plan approval. The sections examine the regulatory agencies attempts to
use this existing data to streamline the regulatory processes and help employers attain
their AVR targets.

Trip Reduction Efforts and Databases
Large-scale trip reduction programs have been in place for less than a decade. Only Los
Angeles, Phoenix, and Tucson areas have had regional trip reduction requirements in
place prior to 1994. Therefore, few areas in the country that have sufficient history with
"before" and "after" regional trip reduction requirements to potentially allow for the
development of a model based on aggregate data from employers.

Clean Air Act Amendments - Employee Commute
Options
The primary goal of the CAAA is to reduce air pollution. CAAA focuses on such major
pollution problems as ozone, carbon monoxide, and particulates. Carbon monoxide is
expected to be a long-term problem in only a few cities. Particulate pollution, likewise, is
not expected to be a widespread problem. Therefore, the primary focus of the CAAA is to
reduce ozone pollution.
The CAAA divides areas into five classes by their ozone levels. The ozone standard is
0.12 parts per million, measured as a 1-hour average and the non-attainment status based
on that standard are:
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1. Marginal
2. Moderate
3.Serious
4. Severe
5. Extreme

(0.121 ppm to 0.138 ppm)
(0.138 ppm to 0.160 ppm)
(0.160 ppm to 0.180 ppm)
(0.180 ppm to 0.280 ppm)
(0.280 ppm and above)

Based on their classifications, these areas have different deadlines for reaching
attainment. The attainment date for Marginal areas is three years after enactment,
Moderate six years, Serious nine years, Severe 15 years, and Extreme 20 years from
enactment of the law. Severe areas with ozone levels above 0.190 ppm have 17 years to
reduce ozone pollution. Los Angeles is the only city in the Extreme category.
In urban areas designated "Severe" or "Extreme" nonattainment areas, Section
182(d)(l)(B) of the Clean Air Act (i.e., Employee Commute Options) required employers
with 100 or more employees to increase the employer's AVR by 25 percent over the
region's A VR.
The extent of the change required by a single employer (and its employees) under ECO
depended on the employer's current AVR relative to the regional AVR baseline. For
example, if the employer's AVR= 1.25 and the regional AVR = 1.10 then the employer
would need to increase its AVR by only 10 percent to 1.3 7 5 ( 1.1 O* 125%). Conversely, if
the employer's AVR= 1.10 and the regional AVR = 1.25 then the employer would need to
reach an AVR of 1.563, a 42 percent increase for the employer.
In December 1995, H.R.325 amended the Clean Air Act to provide for an optional
provision for the reduction of work-related vehicle trips and miles traveled in ozone
nonattainment areas designated as severe, and for other purposes. However, while
making ECO voluntary, Congress did not relieve the states from obtaining equivalent
emission reductions through other means.
The Clean Air Act was amended to read as follows:
'(B) The State may also, in its discretion, submit a revision at anytime requiring
employers in such area to implement programs to reduce work-related vehicle
trips and miles traveled by employees. Such revision shall be developed in
accordance with guidance issued by the Administrator pursuant to section 108(t)
and may require that employers in such area increase average passenger
occupancy per vehicle in commuting trips between home and the workplace
during peak travel periods. The guidance of the Administrator may specify
average vehicle occupancy rates which vary for locations within a nonattainment
area (suburban, center city, business district) or among nonattainment areas
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reflecting existing occupancy rates and the availability of high occupancy modes.
Any State required to submit a revision under this subparagraph (as in effect
before the date of enactment of this sentence) containing provisions requiring
employers to reduce work-related vehicle trips and miles traveled by employees
may, in accordance with State law, remove such provisions from the
implementation plan, or withdraw its submission, if the State notifies the
Administrator, in writing, that the State has undertaken, or will undertake, one or
more alternative methods that will achieve emission reductions equivalent to
those to be achieved by the removed or withdrawn provisions.'.
The following examples are offered on how states were beginning to design their data
management and reporting processes to implement the ECO requirement prior to this
recent change in the law.

Connecticut
The Employee Commute Options Information System was developed to support and
augment the administration of the ECO program in Connecticut. The system was
designed to provide a comprehensive database housing all data relevant to the ECO
program including: company and location information, history of the program,
phone/hotline encounter information and ECO Management Plan and Review data.
TDM strategies were grouped under five categories: employee services, incentives,
facilities and equipment, information/marketing, and employer policies. Employers were
to provide the following information about each strategy:
1.
2.
3.
4.

Whether or not the strategy would be provided over the next 24 months;
Whether the strategy is new, revised, or existing;
Commute options targeted by that strategy (i.e., it's aimed at transit riders);
The number of employees who are currently using the strategy and the estimated
number of employees who will participate in the strategy; and,
5. Implementation start date.

Some of the strategies required employers to provide more detail. Employers responded
to open-ended questions aimed at determining eligibility requirements, how it would be
implemented, when it would be available, and why the strategy was chosen. Information
also was obtained on how the employer was choosing to monitor and track participation.
Presumably, this information would be used to improve the review process, but it
recording the information in an open-ended format does not permit the aggregation of the
data for model building.
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Employers also were asked to report the total cost of the program but not the cost per
individual strategy. However, employers were to quantify the monetary value, if any, of
the incentive on a per-employee basis.
While the program is fairly new, Connecticut officials-were able to provide performance
measures to CUTR to establish a baseline from which to measure the performance of the
neural network model under development. They estimate that employers spend an
average of 16 hours in plan preparation at a total cost of $400. The same officials
indicated that the State spends about $1,200 in reviewing the plan and approves more
than 96 percent of the plans.
Philadelphia
Nearly ten months before Congress made the ECO provision a voluntary program, the
Pennsylvania Department of Environmental Protection issued a policy which continued
the suspension of the implementation and enforcement of the Employer Trip Reduction
program. Prior to the suspension of the ETR program, Pennsylvania had developed an
employer annual survey and employee transportation survey form for employees in the
five county Philadelphia region to use. It also had identified four target AVRs for work
sites (1.50, 1.58, 1.75, and 3.00).

Philadelphia's approach allowed for the largest employers to sample their workforce.
Employers with 1,000 or more employees could conduct a "statistically-based probability
survey" rather than survey the entire workforce with the sampling details to be worked
out with the regulatory agency.

Rule t 50 1/Rule aaoa
ManagenJent District

- south

coast Air Quality

While ECO programs were being established in severe nonattainment areas, Southern
California's employer trip reduction regulation, which pre-dated the CAAA, was
undergoing substantial revision. In response to state legislation, the South Coast Air
Quality Management District (AQMD), the air pollution control agency for Los Angeles,
Orange and portions of San Bernardino and Riverside counties, scrapped the region's
ridesharing requirement, Rule 1501 (formerly known as Regulation XV).
Under Rule 1501, any business with 100 or more employees had to prepare and carry out
a plan encouraging workers to use alternatives to the single occupant vehicle (SOV). The
program's goal was to reduce driving -- and pollution -- by increasing the average number
of employees in vehicles commuting to work. For most Los Angeles area companies, the
goal was to increase the average vehicle ridership to 1.50, or an average of 15 workers for
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every 10 cars. In the downtown area, the AVR goal was 1. 7 5.
As part of the plan preparation, employers were required to survey their workforce to
establish baseline conditions on employee use of alternative modes. The information
provided by employers was entered into a database. Each record contained 349 fields and
included information of each company site. Employers reported work site characteristics
(24 fields), transportation services available to the employees (12 fields), modes of
transportation used by employees (23 fields), and work schedules (4 fields).
Incentive plans offered by employers were split into 62 categories. Twenty eight of the
these incentives are non-financial and include strategies such as flextime and preferential
parking. The remaining 34 incentives describe subsidies, transportation allowances, etc.
Each of these incentives are further described by the number of current participants in the
strategy, forecasted participation by employees, and the dollar value of the strategy.
On December 8, 1995, AQMD replaced Rule 1501 with a rule focusing on reducing
motor vehicle emissions rather than ridesharing. The new rule, Rule 2202: On-road
Motor Vehicle Mitigation Options, gives employers more flexibility to select from a wide
range of cost-effective options to help clean the air. Among the options provided under
the rule are scrapping old, high-polluting vehicles and using remote sensing devices to
detect and repair gross-emitting cars. In addition, companies will be able to contribute to
a fund administered by AQMD that will be used to finance such air pollution reduction
techniques regionwide rather than develop and implement their own trip reduction
strategies.
In addition to the employee trip reduction option, companies can meet their emissions
reduction target by choosing one or a combination of the following options:
Scrapping old vehicles (I 981 or older);
Using remote sensing of vehicle tailpipe exhaust to identify and repair highly polluting
vehicles;
Converting vehicles or off-road equipment such as forklifts to natural gas, electricity or
other clean fuels;
Investing in the Air Quality Investment Program -- Any company can contribute $60
annually per employee that reports to work during the peak window, or $125 per
employee for a three-year period to an escrow account. This is a substantial cost reduction
from the former Air Quality Investment Program, which required a payment of $110 per
Page 8
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employee per year. According to AQMD, the per-employee cost was reduced because
entrepreneurs such as old vehicle scrappers have shown that emissions can be cut for
considerably less than $110 per employee. Investment program money will be used to
fund projects reducing vehicle pollution; and
Applying New Emission Reduction Credits earned when a company over-controls
polluting equipment, modernizes, or shuts down equipment.

Employer trip reduction efforts are no longer mandatory in the Los Angeles area but
remain a voluntary option. According to AQMD, the decision to keep the effort as a
voluntary option came after many businesses asked to continue receiving
emission-reduction credit for their ridesharing programs.
The new rule also lowered the minimum employee survey response rate from 75 percent
to 60 percent. Unlike other urban areas, non-respondents are considered "drive alone" for
purposes of calculating AVR. However, employers that achieve a 90 percent response
rate can place the remaining 10 percent into the "other" category and will not affect the
employer's AVR.
AQMD calculated the employer costs of plan preparation to be $2,672. Each of the
AQMD analysts reviews 10 to 12 plans per week. AQMD estimates it spends $120-210
reviewing each plan. Adding to the employer's costs and AQMD's review costs is the
low initial plan approval rate of 8 percent. AQMD estimates the average employer must
submit a plan two to three times before the revisions allow it to be approved.
AQMD estimates that the new rule should offer businesses substantial savings and
increased flexibility at an annual cost of $37 to $43 per employee, compared to about
$110 per employee under the old rule. Instead of submitting a lengthy ridesharing plan
every two years, companies will be able to tum in a one-page registration form outlining
their chosen vehicle emission reduction option.
Under the new rule, businesses with 100 or more employees will be required to annually
register with the District to reduce emissions related to employee commutes and to meet a
worksite specific emission reduction target (ERT). The annual ERT is a function of
average daily number of employees reporting to work between 6:00 a.m. and 10:00 a.m.
for a typical Monday through Friday period, the employee emission reduction factor, and
any vehicle trip emission credits.
Rule 2202 has a sunset clause to end on December 31, 1998, or sooner, provided it is
replaced with a program such as transportation market incentives that would reduce equal
Page 9
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amounts of emissions. AQMD also plans a comprehensive review next year of its entire
mobile source emissions reduction strategy.

Commute Trip Reduction Law - State of
Washington
Metropolitan areas of King, Pierce, Snohomish, Clark, Spokane and Yakima counties
violate federal health standards for carbon monoxide. Motor vehicles generate more than
40 percent of all air pollution in Washington.
The Washington State Legislature passed the commute trip reduction law to reduce
automobile-related air pollution, energy consumption and traffic congestion. The law was
part of the Washington Clean Air Act (RCW 70.94.524-551). The law calls for cities and
counties with major employers in Clark, King, Kitsap, Pierce, Snohomish, Spokane,
Thurston and Yakima counties to adopt commute trip reduction ordinances detailing
requirements for major employers. Major employers must start commute trip reduction
(CTR) programs, consistent with the state law and local ordinances, to reduce the number
of trips and miles people commute alone to work.
The law applies to private or public organizations with 100 or more full-time employees
at a single worksite who are scheduled to start their work day between 6:00 a.m. and 9:00
a.m. on two or more weekdays for at least 12 continuous months. The role of the
employer is to reduce the number of trips and miles its employees commute alone to
work. A CTR program helps employees in finding alternatives and communicating
progress to the local jurisdiction.
More specifically, the CTR law required employers to: identify themselves as an affected
employer within 180 days of passage of the ordinance, if they are not notified by the
jurisdiction; at their option, apply to the jurisdiction for credit if they have an effective
existing transportation program; submit a commute trip reduction program to the
jurisdiction; appoint an employee transportation coordinator and post his or her location;
encourage employees to use alternatives to drive alone commuting; submit an annual
program report to the jurisdiction; survey employees for the goal measurement years,
(1995, 1997 and 1999) and report to the jurisdiction.
The goals for employers are to reduce SOV (single occupant vehicles) and the VMT
(vehicle miles traveled) by 15 percent by 1995, 25 percent by 1997, and 35 percent by
1999. Trip reductions are measured from the base year values for the employer's
commute trip reduction zone. Similar to ECO and Rule 1501, employers are not
measured against their own performance or their neighboring businesses but against a
zonal average.
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Like the data collected by AQMD, Washington's CTR law requires that information be
collected on participation rates and start dates for each strategy, including program
marketing and promotion, work schedules, worksite characteristics, and parking
management. Financial data is obtained on cash incentives, subsidies, and allowances.
Work schedules consist of flexible work hours, staggered work hours, and compressed
work weeks. Worksite characteristics include transportation facilities and services and
also amenities such as bus shelters, lockers, and showers.
A target minimum response rate for the survey is 70 percent of all affected employees.
Nonrespondents are distributed proportionately, based on the employees who completed
the survey.
Unlike the AQMD program, Washington employers were not asked to estimate
participation rates for the coming year. They were required to note changes for the
strategy from one reporting period to another.
Cost information was not collected as part of the plan but collected through a separate
survey. The costs, number of participants, and whether the costs were actual or estimated
were to be reported over a twelve month period.
Initial program impact results show that 80 percent of the sites reduced SOV or VMT.
Thirty-three percent of the sites met the 1995 SOV goal. Nineteen percent of the sites
met the 1995 VMT goal. Over the 12-month period of the evaluation, it was estimated
that 85,000,000 VMT were eliminated (4.9 percent reduction). Employers spent at
average of $23 per employee per year on these trip reduction strategies.

Travel Reduction Program - Maricopa County,
Arizona
The Travel Reduction Program (TRP) in Maricopa County including Phoenix looks for
changes in mode split, specifically the increase in alternative mode usage (AMU) and/or
VMT goals.
In 1988, the Omnibus Clean Air Legislation required sites with 100 or more employees
and/or driving age students to (1) reduce the SOV rate by 5 percent per year; (2) appoint
an employee transportation coordinator (3) provide trip reduction information to all
employees and/or students; (4) conduct an annual trip reduction survey; and, (5) submit
an annual trip reduction plan. Since its introduction, this trip reduction ordinance has
been amended several times and now affects all employers with 50 or more employees
and/or driving age students. The most recent amendment also increased the SOV
reduction goals from 5 percent to 10 percent for the first five years and gave credit toward
Page 11
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SOV reduction goals for using reduced-emission vehicles.
Employers receive free training workshops, survey processing help, TRP plan preparation
assistance and start-up assistance. According to TRP staff, 1,361 employers and schools,
totaling nearly 550,000 employees and students, participate in the TRP program.
Employers are required to provide detailed plans showing which measures will be used
and when the measures are to be carried out. They are provided with a menu of options
to choose from. Information is also required indicating when that strategy will be used.
The ordinance mandates employers to appoint a transportation coordinator, distribute
alternative mode information, annually survey employees, and annually submit a TRP
Plan. A minimum response rate of 60 percent is required for employee surveys.
Nonrespondents are assumed to have the same AMU as respondents.
Unlike other areas, the County tabulates the basic survey for the employer. The basic
survey includes information on current mode, commuting characteristics, likelihood of
using a given AMU given specific incentives, and demographic data for each responding
employee. However, the County does not analyze survey questions asked by the
employer regarding reasons why they chose their current mode, where they live, what is
their current work schedule, and the preferred alternative work schedule.
Beyond statute requirements, approval of the plan is based on achieving a point goal.
Points are awarded (15 points for high, 10 points for medium, or five points for low) for
the following criteria:
•
•
•
•

Overall the plan is reasonable, well thought out and conceivable for that employer.
Strategies/measures make sense when compared with the baseline survey information.
Measures are specific, detailed and include anticipated costs and start dates.
Measures include incentives to encourage attainment of success.

At least 40 points must be earned under the above criteria and all of the statute
requirements must be met for approval. Failure to meet the 5 percent SOV reduction goal
is not a violation. However, failure to meet the requirements for data collection, plan
development and plan implementation may subject an employer to appropriate legal
action from the County including fines up to $300 per day. The program staff has
identified key indicators to estimate the impact of the program including survey response
rate, site analysis, SOV trip rate, and pollution saved.
Cost information is based on a biannual survey and is limited to incentives, subsidies, and
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communications. Staffing costs and other administrative costs are not collected.
Table 1
No. of Employees

50-100

Cost Per Employee

$17.65

101-250

$9.19

251-500

$11.74

501-1,000

$8.81

1,001-5,000

$7.11

5,001 +

$3.06

Clearly, an opportunity exists for Maricopa County to analyze several years of
disaggregated employee data to develop a model based on employee attitudes and
revealed mode preferences. Such a model could improve the objectivity of the plan
approval process and reduce employer and County processing expenses.

Travel Reduction Progra,n - Eastern Pi,na County,
Arizona
Rather than focus on AVR as in Rule 1501, the Eastern Pima County TRP focuses on
increasing alternative mode usage (AMU) and/or reducing VMT. The employee must ·
use an alternate mode of transportation (carpool, vanpool, bus, walk or bike) or use an
alternative work schedule, telecommute, or alternate fueled vehicle one day per week to
be considered an AMU user.
Affected employers are required to achieve 15 percent AMU reductions by the end of the
first year of the program, 20 percent by the end of the second year, and 25 percent by the
end of the third year. The alternative compliance measure is an equal percent reduction
in VMT in each of the first three years from the baseline year. Every year after that
required AMU reduction increases by 1 percent and required VMT reduction decreases
by 1.5 percent up to 40 percent of the baseline amounts.
The program grew from 148 sites in 1989 to 217 sites in 1994. It grew from 77,000
employees to 94,000 employees, respectively. Between 1989 and 1994, AMU increased
63 percent to nearly 29 percent. VMT was reduced 4.5 percent. The program estimates
the regional cost per employee to be $18.14, with a range of $0.63 to $270.22. More than
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80 percent of employers spent less than $1,000 on non-staff costs.
Table 2
Number of
Employees

Number
of Sites

Out-of-pocket
Cost per
Employee

<100

11

$10.12

100-199

96

$2.12

200-499

54

$11.45

500-999

20

$6.50

>l,000

15

$14.85

Model Development
Data collection requirements of these trip reduction ordinances offer an opportunity to
develop a model to predict changes in AVR based on incentive strategies carried out and
physical/geographic work site characteristics. The following section will review the
several TDM models in use today.

TDMModel
This model estimates the impact of TDM on travel conditions through a combination of
empirical and analytic relationships. The TDM Model is a disaggregate logit mode choice
model, which predicts the change in commuters' likelihood to use a particular mode as
influenced by the TDM strategies. The model also uses look-up tables inferred from
empirical evidence for those strategies not well accounted for by analytical mode choice
models, such as how much management support exists.
The TDM Model was developed for Federal Highway Administration to apply to a range
of different settings and needs. While the TDM Model was primarily developed as a
subarea sketch planning tool, requirements imposed on planning organizations by ISTEA
and CAAA are causing these organizations to examine TDM measures at a regional level
as well.
TDM strategies are identified as one of two types: Areawide Strategies and EmployerBased Strategies. Areawide strategies are those assumed to be carried out by a local
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government or transportation agency. These strategies are available for all commuters
who choose to use them. Employer-based strategies are actions assumed to be carried out
by employers. The effectiveness of these strategies depends on the size, type, and status
of the employer and the degree to which those employers agree to participate.
Area-wide Stratei:ies
• Transit Service Improvements
• Transit Fare Subsidies
• HOV Lanes
• Parking Charges and/or Subsidies
• Miscellaneous Taxes or Fees
• Misc. Time Penalties/Savings
• Telecommuting

Employer-based Stratei:ies
• Transit Support Measures
• Carpool Support Measures
• V anpool Support Measures
• Preferential Parking or other
Transit/HOV Time Savings
• Parking Charges and/or
Subsidies
• Flexible, Staggered, or
Compressed Work Schedules

Empirical evidence suggests that the tendency of employers to use certain TDM strategies
and the effectiveness of TDM strategies is related to the type and size of the employer.
The model differentiates employers by three characteristics: size, type, and status. Four
size categories of employers are represented: 1 to 49, 50 to 99, 100 to 499, and 500 or
more employees.
Employers are categorized as office or nonoffice. "Office" corresponds to white-collar,
professional and service type employment (standard industrial classification (SIC) codes
of 6000 and up). "Nonoffice" corresponds to industrial, manufacturing, and
wholesale/retail trade activities (SIC codes under 6000). Status of the employer means
whether they would be affected by a future TDM regulatory requirement. Often, TDM
regulations are applied only to employers who enter the impact area after a certain date,
particularly as it affects enactment of an ordinance. Existing employers may be exempt,
or expected to participate on a more voluntary basis.
How employers participate in carrying out TDM strategies also contributes to the
effectiveness of the strategy. Under purely voluntary conditions, employer participation
occurs at very low levels (i.e., only a few employers participate). Under mandatory
conditions, where a law or regulation forces participation, employer cooperation rates can
be expected to be higher.
The TDM Model tests combinations of the TDM strategies used by employers or
implemented at the areawide level. The Model allows testing of any individual strategy
or combination of strategies through entry screens resembling "spreadsheets" which
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define the strategy. Four different scenarios can be tested under given regulatory
environment and employer participation assumptions. Each scenario can vary different
levels of one strategy while holding all others constant to view the incremental impact
that given tactic had on vehicle trips and person trips.
Generally, TDM programs are destination-based. Services are directed to commuters
whose destinations lie in a particular activity center or corridor, so the focus of the model
is on policies at the "areawide" or "employer" level that effect work trips. The model uses
the mode split or the trip tables for Home-Based Work (HBW) trips as input to measure
changes in behavior based on known or estimated existing conditions. Since these HBW
trips are most prevalent in the peak hour, having peak hour mode split or HBW trip tables
is desirable for the TDM Model. The TDM Model does not account for use of
nonmotorized modes (walk or bicycle), taxi, or motorcycle/moped, either in the initial
data inputs or in estimating effects of TDM strategies.
The TDM Model furnishes outputs to indicate the following measures of effectiveness for
each scenario compared with the starting conditions:
- Modal split (percentage of trips by travel mode)
- Number of private vehicle trips
- Number of person trips
- Average vehicle occupancy
- Comparison of modal split before and after strategy
- Comparison of vehicle trips before and after strategy
- Comparison of single occupant vehicle trips before and after strategy
- Percent change in person trips
- Percent change in vehicle trips
- Percent change in vehicle miles of travel
The TDM Model does not indicate the impact on actual traffic conditions in the
transportation system directly. Once the TDM policies are identified, the regional
planning model's home-based-work (HBW) section of the trip tables can be modified
using the TDM Model. The results of the TDM model then can be used as inputs back
into the regional model for the traditional 4-step planning process for assignment.
The model's strengths are found in the design that permits the user to uses existing
regional data, change some underlying assumptions regarding employer participation
rates, and use local logit coefficients. This flexibility allows the user to evaluate various
quickly "what-if' scenarios to identify which strategies may be more effective in
reducing trips or VMT and are worthy of further study (e.g., free transit or HOV facility).
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The TDM Model is not without its limitations. Most revealing is the reviewed literature
did not discuss how this logit model was validated, if at all. Nor does the FHWA TDM
Model calculate the costs to employers for the program to help find the most cost
effective solution.

ARB TDM Model
The Air Resources Board (ARB) TDM Evaluation Program is a disaggregate mode
choice model developed based on a survey of 45 employers from the Sacremento and Los
Angeles area and 2,341 completed surveys of employees at the surveyed work sites. It is
based on current individual commuter behavior, employer strategies, and the awareness
of available options. The model predicts the probability that an employee will choose a
given travel mode. The sum of these probabilities represents each travel mode's share of
the employees commuting to a work site.
The ARB model requires the user to enter information about the employer, current mode
split, and current mix of TDM strategies. The user then inputs information about which
new incentives the employer plans to start in the next year and when they will begin to be
offered. Data requirements include a description of the employer (SIC Code) and site
characteristics (e.g., number of parking spaces), and current mode split. Additional
needed data include cost incentives, other support strategies, proposed incentives and
changes to alternative work hours (e.g., telecommuting) program, and clean fuel vehicles.
The mode choice model was based on transportation system variables (e.g., in-vehicle
time, parking cost), employee variables (e.g., occupation, gender, and age), household
variables (e.g.,workers per household). The model also required descriptions of work site
variables (e.g., parking spaces per employee, number of adjacent retail land uses), and
TDM incentives (e.g., preferential parking, ETC, guaranteed ride home).
This model also includes an awareness element. The assumption is that greater mode
shifts due to incentives would result when employees' awareness of those incentives
increased. The model developers' supposition was that increases in the hours spent by an
Employee Transportation Coordinator and the employer's annual marketing expenditures
would lead to increases in employee awareness of TDM incentives and, therefore,
directly effect mode choice. Increasing the level of awareness would lead to more use of
alternative modes. However, the model does not allow the user to reflect changes in the
level of awareness. Another limitation is the model's ability to predict a vanpool share.
The model was based on a single employer in the survey that provided vans to its
employees.
Unlike the TDM Model, the ARB model allows the user to phase in different strategies
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over the course of the reporting period. It also allows the user to add his or her own
strategy. However, the user must estimate the strategy's effectiveness on a scale of 1 to
10 and indicate which modes are expected to be affected by that strategy.
The model is based on disaggregate data collected through relatively small samples of
employers but augmented by employee surveys. The model calibration report notes the
rho-squared statistic to be 0 .18, comparable to the R-squared statistic in regression
analysis. Thus, the proportion of "explained" variance in the model is 18 percent.
However, the model was not compared with actual results for any data that had not been
used in the model building process.

TOM Cost-Effectiveness Model
In Pleasanton, California, information regarding the costs associated with a variety of
travel reduction measures was obtained and used to develop a spreadsheet. The primary
purpose of the spreadsheet was to provide a tool that allows employers to evaluate the
potential cost-effectiveness of a variety of TDM measures. For many measures, the user
must put in an estimate of the travel reduction expected from the strategy and/or the
number of employees expected to participate.
To develop the model, cost information was obtained via an employer survey and based
on the responses of 58 employers. The model was used to estimate reductions in daily
trips based on the user's effectiveness estimates to calculate average daily cost, cost per
daily trip reduced, and cost per peak-period trip reduced.
The primary·limitation of this approach is that the user must estimate the effectiveness of
the given strategy rather than have the model predict the change.

Variations in Database Develop,nent
The largest trip reduction ordinances in the country have been air quality driven and are
structured differently. Understanding these variations is important to the development of
a model that could have broader applications. The following summarizes the key
variations.
Minimum Employer Size
Most of the trip reduction mandates collect data from only large (100+ employers).
Therefore, care should be exercised before extrapolating the neural network's results to
smaller employers.
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Database Formats and Reporting Frequencies
The regulating agencies collect much of the same information for employers. However,
the format for collecting and, what is more important, storing the information may make
it difficult to construct a similar neural network model in some areas. Some employers
were given extensive checklists to complete while other sites asked for employers to
provide most of the information in narrative. The primary limitation for using many of
these data bases is the open-ended format for collecting the data on the strategies. As the
neural network project proceeds, however, information may only be needed on some
strategies to predict AVR or similar performance measure so the "loss" of this data may
not matter. Furthermore, the use of cost information could prove problematic due to the
different methods of collecting and reporting the data.
Key Performance Measures
Most of the ordinances developed at the state level focused on reductions in SOV trips
and/or VMT as measures of performance. However, ECO and Rule 1501 focus on
measuring changes in AVR. The lack of disaggregated employee data on travel distance
makes VMT calculations difficult. The neural network model should output SOV share
(and/or AMU) and AVR to respond to the desires of the regulated community. Certainly,
changes in SOV usage are easier to understand by the public than seemingly small shifts
in AVR (e.g., 1.10 to 1.20 represents about 8% less vehicles).
Treatment of N onresponses
For the most part, employers must obtain a high response rate to their employee surveys.
How the regulating agency handles nonresponses can affect the reported performance
value (e.g., AVR or AMU). In Los Angeles, employers are effectively penalized for
classifying nonrespondents (less than 60 percent) as SOV commuters. Employers that
achieve 90 percent or greater response rates can have the amount above 90 percent
excluded from A VR calculations. In the other areas, nonrespondents are assumed to have
the same mode split as respondents. Clearly, the treatment of nonrespondents will have a
bearing on the reported AVR for that employer and the effectiveness of the model to
predict this "true" result.
Use of Aggregate Data
The regulated areas have not had much success in developing predictive models using the
aggregate data sets collected from employers or the disaggregate employee data
information processed by the regulatory agency. The current models are based on
disaggregate data collected through relatively small samples of employers but augmented
by employee surveys .. Specifically, model predictions were not compared with actual
results for any data that had not been used in the model building process.
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SUMMARY
The current state of trip reduction modeling efforts have centered on intensive (and
expensive) data collection efforts by large employers. For example, AQMD attempted to
develop trip reduction models using only the aggregate employee data from thousands of
employers and traditional analysis tools. However, it did not yield a workable model.
According to the model developers, this was partially attributable due to the size and
complexity of the database and the quality of the data. Perhaps the data collected from
employers has little explanatory power. Perhaps this data supplemented by other existing
data such as travel impedance factors will increase its explanatory power.
Several years worth of employer data collection have passed since AQMD attempted to
build the model. Neural network software provides another opportunity to examine how
to use the extensive data collected under the regional trip reduction requirements. As the
requirements for employer participation in ECO programs are dropped, the need to make
better use of existing data increases. If successful, this model could streamline the trip
reduction plan development and review processes, increase the precision of the forecasts
of trip behavior, and lower the costs of compliance.
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Glossary
Activity Center

A major concentration of employment and commercial activity,
which may be found in suburban areas as well as in the
downtown area.

Air Pollution

The undesirable addition to the atmosphere of substances
(gases, liquids, and solid particles) that are foreign to the
"natural" atmosphere or occur in quantities exceeding their
natural concentrations and interfere either with one's health,
safety, or comfort, or with full use and enjoyment of one's
property.

Alternative Work
Schedules

Ambient air quality

Average Passenger
Occupancy (APO)

Average Vehicle
Occupancy (AVO)

Average Vehicle
Ridership (AVR)

Scheduling policies such as flexible and staggered work hours
and compressed work weeks that allows employees to avoid
commuting during peak traffic periods; also called variable
work hour policies.
A physical and chemical measure of the concentration of
various chemicals in the outside air, usually determined over a
specific time period.

A numerical value calculated for employers by dividing the
number of employees reporting to the worksite during the
morning commute by the number of vehicles in which they
arrive. A carpooler's vehicle count is proportional to the
number of riders in the carpool (1/2, 1/3, 1/4, etc.) Employees
who walk, bicycle, ride transit or telecommuter from home
count as arriving in zero vehicles.

A numerical value calculated for a region or a corridor by dividing
all commuters in the area by the number of vehicles in which they
commute.

A numerical value calculated by dividing the number of employees
scheduled to start work during specified peak hours into the
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number of vehicles arriving to the work site during those same
hours.
Carbon Dioxide

A colorless gas which enters the atmosphere as the result of
combustion processes; it is a normal component of ambient air.

Carpool

A group of two or more passengers sharing a ride in an employee's
private vehicle to and from work, either using hone car and sharing
expenses, or rotating the vehicle used so that no money changes
hands.

Clean Air Act

The Federal pollution clean air law.

Commuter

A person who travels regularly between home and a fixed location
(e.g., work or school)

Commute
Alternatives

Compressed Work
Week

Concurrency

Term that refers to carpooling, vanpooling, transit, bicycling, and
walking as well as any alternative work hours program which
results in the use of any mode of transportation for commuting
outside of the peak periods.

A scheduling program which consists of condensing standard
number working hours into fewer than five days per week or fewer
than 10 days per two week period.
Growth management law that prohibits local governments from
permitting new developments unless adequate infrastructure is in
place to support growth.

Employee Commute
Options
A requirement of the Clean Air Act Amendments of 1990 on
employers with 100+ employees at a worksite in 10 regions of the
country to carry out programs to reduce solo-driving among their
employees. (42 USC 751 la(d)(l)(B)) The program also is referred
to as the Employer Trip Reduction (ETR) program.
Employee
Transportation
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Coordinator

A person selected by a company to develop, implement, and/or
administer an employee transportation program. Duties generally
include: registering employees for a ride-match program,
coordinating the formation of car, van, and buspools, promoting
the use of public transit, and monitoring or tracking employee
participation in the program. Also known as an ETC.

Flexible Work Hours
A scheduling policy that gives employees the option of varying
(Flextime)
their starting and stopping times each work day (e.g. 10:00 am to
4:00 pm) when all employees are required to be present. The
intent is to allow employees greater flexibility to adjust work hours
to individual time schedules and commuting.
Fringe Parking
(Peripheral Parking) A parking facility located immediately outside the central business
district, where personal vehicles may be parked and travelers may
continue their trips to the downtown area via transit, carpool or
vanpool.
Guaranteed Ride
Home

High Occupancy
Vehicle (HOV)

An incentive program that typically offers a ride home for
carpoolers, vanpoolers, or transit riders who must leave work early
for a personal emergency or must work unscheduled overtime.
Service may be provided by taxi, rental car, and/or fleet vehicle.
Also referred to as an emergency ride home program.

Any passenger vehicle that carries two or more passengers.
Examples: buspools, carpools, vanpools.

HOV Lane

A travel lane reserved for the use of high occupancy vehicles such
as buses, vanpools, and carpools. Also referred to as diamond
lanes (with diamonds painted on the pavement) and exclusive
transitways.

Hydrocarbon

A chemical compound containing only the elements carbon and
hydrogen.

Intermodal

Linkage between or including more than one means or mode of
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transportation.
Inversion

Mixed-Use
Development

A layer of the atmosphere through which the temperature increases
with altitude: An inversion may be found at ground level or aloft.

Defined by the Urban Land Institute as developments with the
following criteria: (1) three or more significant revenue-producing
uses (such as office, retail, residential, hotel/motel, entertainment,
cultural, recreation, etc.) that in well-planned projects are mutually
supporting; (2) significant physical and functional integration of
project components (and thus a relatively intensive use of land),
including uninterrupted pedestrian connections; and (3)
development in conformance with a coherent plan (which
frequently stipulates the type and scale of uses, permitted densities,
and related developmental consideration).

Mobile Source

A source of pollutants which is a self-propelled transportation
vehicle, such as motor vehicle, boat, ship, locomotive, aircraft, or
off-road motor vehicle.

Mode Split

An itemization of the types of vehicles or methods used by
commuters to travel to work.

National Ambient Air
Quality Standards
The air quality standards established by the Environmental
Protection Agency for various air pollutants. Currently included in
the standards are ozone, carbon monoxide, nitrogen dioxide, sulfur
dioxide, non-methane hydrocarbons, lead, and particulate matter.
Ozone

A highly reactive bluish-colored haze with a pungent odor; a major
constituent of photochemical oxidants. Ozone is formed in the
atmosphere by a series of photochemical reactions involving
oxides of nitrogen and reactive organic gases in the presence of
sunlight. National Ambient Air Quality Standards have been
established for ozone.

Parking Management Measures that favor carpools and vanpools, including parking
charges for drive-alone commuter parking, preferential parking for
pool vehicles, and the elimination of free or low-cost, on-street
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parking employment areas. Fringe parking lots may also be
established in areas outside of the work site in combination with
shuttle bus services to keep motor vehicles out of congested
employment areas.
Parking Reduction
Ordinances

Local government regulations that allow the reduction of zoning
requirements for off-street parking in return for developersponsored transportation management efforts or contributions to a
TSM/TDM trust fund.

Preferential Parking

This concept involves assigning the most desirable parking spaces,
such as those closest to building entrances, for the exclusive use of
carpools and vanpools. In addition, parking charges may be
partially reduced or eliminated for poolers, who may also be
exempted from any hourly parking limits that exit.

Ridesharing

The cooperative effort between two or more people who travel
together; usually to and from work. Carpools, vanpools and
buspools are all examples of ridesharing. Ridesharing can include
public transportation, such as buses, trains or subways, as well.

Rule 1501

A law developed (formerly Regulation XV) and enforced by
California's South Coast Air Quality management District which
requires employers with 100 or more employees to develop and
implement a trip reduction plan for employees who report to work
between 6:00 a.m. and 10:00 a.m. Trip reduction plans must
include an inventory of current measures used by the employer to
increase average vehicle ridership (AVR), a verifiable estimate of
the current work site A VR, and a list of employer-provided
incentives to achieve the projected AVR target within 12 months
of plan approval.

Satellite Office

An office used by a company for employees who telecommute, as
a means of decentralizing part of a company's operations to a
remote location so as to reduce commute distances for employees.

Staggered Work
Hours

A scheduling policy in which the times that groups of employees
begin and end work are staggered over a range from 15 minutes to
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two hours. The intent is to spread out commuting peaks.
Telecommuting

A work arrangement program where employees work at a location
other than the conventional office to transport information rather
than people to and from the workplace. This place may be the
home, or an office close to home, but not the central headquarters
of a company.

Traffic Mitigation

The use of transportation management techniques to reduce the
traffic impact of new development. See also trip reduction
ordinances.

Traffic Reduction
Ordinances
Transit

Transportation
Demand
Management

Transportation
Management
Association

See trip reduction ordinances.
A multiple-occupant motor vehicle operated on a for-hire, shareride basis, including bus, light rail, heavy rail and shuttle bus.
Other forms of transit may include people movers and jitneys.

Strategies that focus on reducing vehicle trips, especially peakperiod travel to the commuter's destination. Strategies may include
commuter assistance, parking incentives, and work policies that
alter the demand for travel in a defined area, in terms of the total
volume of traffic, the use of alternative modes of travel, and
distribution of travel over different times of the day.

A TMA is an organization that provides a structure for developers,
property managers, employers, and public officials to
cooperatively promote programs that mitigate traffic congestion,
assist commuters, and encourage improved travel in specific areas.
TMAs also serve as forums in which the private sector and stat and
local governments conjointly address current and future roadway
and transit needs.

Transportation
Management
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Organization
Transportation
Systems
Management

Trip Reduction
Ordinance (TROs)

Vanpool

Another name for TMA.

TSM is the use of low cost improvements to increase the efficiency
of roadways and transit services, such as re-timing traffic signals or
re-designating traffic flow.

Regulations passed by local government which require developers,
property owners and employers to participate or assist in financing
transportation management efforts. Ordinances may specify a
target reduction in the number of vehicle trips expected from a
development based on standardized trip generation rates, establish
peak periods for travel reduction, establish time tables for
compliance and penalties for non-compliance.
A group of 6 or more passengers sharing a ride in a prearranged
group. Usually one or two of the members are regular drivers, who
pick up other riders at specific points and take them to common or
nearby employment sites, then return them to the pickup point(s)
after the end of the work day. Some portion of the van's ownership
and operating costs are usually paid for by the riders on a monthly
basis. Vanpooling may be employer-sponsored with the company
owning and maintaining the vehicles, or it may be provided
through a third party leasing company.

Variable Work Hours See alternative work schedules
Vehicle Miles
Traveled (VMT)

The total distance traveled in miles by all motor vehicles of a
specific group in a given area in a given time period.

Vehicle Occupancy

The number of people riding in a vehicle at a given time.

Vehicle Trip

A vehicle moving from an originating point to a destination point,
usually from home to work.
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